In laboratory conditions, the effect of pro-ecological procedures (application of effective microorganisms and Asahi SL biostimulator) and foraging by insects [cereal leaf beetle (Oulema melanopa L.) and bird cherry-oat aphid (Rhopalosiphum padi (L.)] on the total content of phenolic compounds in winter wheat, was studied. Correlations between the total content of phenolic compounds (determined by the FolinCiocalteau colorimetric method) expressed as the amount of pyrogallol in wheat plants: undamaged, damaged by O. melanopa, damaged by R. padi, the length of feeding scar left by cereal leaf beetle and the number of pricks made by actively feeding insects of bird cherry-oat aphid were analysed. The wheat was treated by EM inoculant and a biostimulator. The mode of application of the preparations used had a significant effect on level the total phenolic compounds in the undamaged wheat and the wheat exposed to foraging by the above-mentioned insects. The plants not exposed to insects foraging contained greater amounts of phenolic compounds than those exposed to the insects. The correlation between the total content of phenols in the wheat damaged by the insects in the 'no-choice' conditions, proved insignificant.
INTRODUCTION
For at least 100 million years, the plants have developed many strategies of natural resistance to insects [23, 26] . Comprehensive identification of these mechanisms permits their future use for plant protection [7] .
The choice of host plants by insects, especially aphids, is a complex process, which depends on many factors. A particularly important role is played by allelochemicals which can affect the behaviour and/or insects physiology [21] . One of the most active groups of allelochemicals are phenolic compounds, classified as secondary metabolites. They contribute to environmental interactions and actively affect growth and development of insects [3, 5, 13, 15] .
The pro-ecological policy adopted in Poland has prompted us to search for other than industrial yield-protecting and yield-enhancing agents, promoting the increase in biodiversity of agrocenoses and plant resistance [8, 9] . Such agents include inoculation with effective microorganisms (EM) and Asahi SL biostimulant. They maintain or improve the physiochemical soil properties, increase the biodiversity and activity of soil microorganisms, limit the populations of phytophagous entomofauna, neutralise toxic compounds, enhance resistance of the plants to stress conditions [10, 16, 18] . A few authors have demonstrated unfavourable effect of biostimulants on the occurrence of pests, e.g. red spider mite (Tetranychus urticae) on the plants of cucumber (Cucumis sativus) [24] , or cereal crops pests in field conditions [10, 11] .
The present state of knowledge on the effect of pro-ecological methods of soil fertilisation and enhancement of the plant resistance to pests feeding is insufficient. So far no studies have been performed to illustrate the effect of use of biopreparations on cereal crops on the foraging of insects and on the secretion of secondary metabolism products.
The aim of this study was to check the effect of EM inoculant and Asahi SL biostimulant application in various straw management conditions on the general content of phenolic compounds produced by winter wheat plants and on the extent of pest foraging on these species.
MATERIALS AND METHODS

Plant material
The laboratory tests were performed as part of our own research project PB-7295/B/ P01/2011/40 (total input: PLN 133 900), over 2012 and 2013 in the laboratory of the Department of Entomology and Molecular Phytopathology of the University of Technology and Life Sciences in Bydgoszcz, Poland and the Department of Pharmacognosy of the Nicolaus Copernicus University in Torun, Poland.
The plants of winter wheat, Arktis cultivar, were sown into pots (AE = 13 cm, 10 cm high) filled with a very good rye complex soil obtained from study plots from the field experiment of the project. At the depth of 2.5-3.0 cm, 10 caryopses were sown in each pot. The sowing started in the 3 rd decade of March and it was continued in a few series until mid-April.
The inoculant and biostimulator were applied as specified below: EM inoculant introduced into the soil after harvest (in the autumn) in the amount of 5.0 dm 3 EM -1 · ha -1 , as recommended by the producer, EM inoculant applied on the leaves in the amount of 2.5 dm 3 EM -1 · ha -1 (0.7 ml EM + 10 ml H 2 O per 100 plants) in phase BBCH 21, Asahi SL * biostimulator applied once on the leaves in the amount of 1.0 dm 3 · ha -1 (0.028 ml + 10 ml H 2 O per 100 plants) in phase BBCH 21; (in the case of com-* The biostimulant of plant resistance (biologically active substance: sodium para-nitrophenolate -0.3% and sodium ortho-nitrophenolate -0.2% and sodium 5-nitroguaiacolate -0.1%).
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bined use 2 × EM + 1 × BA, the biostimulator was applied in 2 days after application of EM inoculant on the leaves), Asahi SL biostimulator applied twice on the leaves, 2 × 0.5 dm 3 · ha -1 (2 × 0.014 ml + 10 ml H 2 O per 100 plants) in phase BBCH 21 and BBCH 28; (in the case of combined use 2 × EM + 2 × BA the first dose of the biostimulator was applied in 2 days after EM inoculant application on the leaves).
The plants during growth were supplied with mineral fertilisers in the amounts corresponding to the doses of: 140 kg N · ha -1 , 30 kg P 2 O 5 · ha -1 and 60 kg K 2 O · ha -1 as well as watered once a week, with the amount of about 100 ml per pot. The plants were grown in an air-conditioned room, at 21 ± 1 °C, L16:D8 photoperiod, and 70% RH.
Entomological experiments
About 7 weeks after sowing the plants reached the phase BBCH-32 and were ready for specific laboratory tests.
Assay of the total content of phenolic compounds
The end section of the top leaf of each wheat plant growing in laboratory conditions and a single pair of imagines of cereal leaf beetle (O. melanopa) (sex differentiation -in copula) or 5 individuals of bird cherry-oat aphid (R. padi) (mature larvae or imagines) were placed on a Petri dish (AE10 cm). After 2 days the insects were removed, the whole plants were cut off with scissors at the soil surface, weighed and for 2 successive days they were dried at the temperature of 32 °C. Dried, weighed and ground plants were exposed to specific determination at the Department of Pharmacognosy, the Nicolaus Copernicus University, Torun, Poland in 3 reps.
No choice test on insect feeding
Cereal leaf beetles. The lengths of feeding scar [4] caused by 1 pair of imago (sex differentiation -in copula), for 3 days of feeding were compared. The results are presented as the mean length of damage on a 5 cm long leaf consumed by the imago of cereal leaf beetle [mm] . Aphids. The number of pricks made by actively feeding insects, i.e. those actually penetrating the plant tissues, was counted. The penetration started in 4-5 minutes after examination of the plant surface by the insects [12, 22] . The observations were made 5 times a week at about every 2-3 hours during 3 days of feeding of two insects. The so-called maximum number of actively feeding insects was calculated as the product of the number of insects, days of observation and the number of observations per day, namely adequately 3 days × 2 insects × 5 observations [30] . The results are presented as a ratio of the actually identified number of insects actively feeding as compared to their maximum number [expressed in %].
The insects were brought from fields and placed on wheat plants in insulators (55 × 35 × 70 cm). The insulators with plants were kept under controlled conditions of the laboratory of the Department of Entomology and Molecular Phytopathology. The study involved the use of imagines of cereal leaf beetle and wingless or winged bird cherry-oat aphid.
Phenolic compounds
Total contents of phenolic compounds in the plants extracts were determined by the Folin-Ciocalteau colorimetric method described in Pharmacopoeia Polonica IX [19] .
All determinations were performed in triplicate. Total content of phenolic compounds (%) was expressed as pyrogallol (PG) equivalents. Results were expressed as the mean ± standard deviation (SD). Total content of phenolic compounds was expressed as equivalent to g PG · g -1 dry weight of plant material. 
Statistical analyses
The results were subjected to the analysis of variance (ANOVA) in a completely randomised design applying Statistica 2013 software, and the significance of differences between object means was evaluated with the Tukey test. The correlations between the amount of phenols contained in the plants damaged by aphids or cereal leaf beetle and the size of damage caused by those insects were determined using the analysis of linear correlation.
RESULTS
The mode of EM inoculation and Asahi biostimulant application had a significant effect on the secretion of the total content of phenolic compounds as converted into pyrogallol in the plants undamaged and exposed to the foraging by cereal leaf beetle or bird cherry-oat aphid. The plants with no insect foraging produced a higher total content of phenolic compounds than the plants damaged by cereal leaf beetle or aphids; by 0.450 and 0.383 pp DM, respectively (Tables 1 and 2 ). The highest level of the total content of phenolic compounds was found in the wheat plants subjected to twice repeated application of EM inoculation (2 × EM) ( Tables 1 and 2 ). The dose of Asahi biostimulant applied once (1 × BA) resulted in the highest concentration of the total content of phenolic compounds only in the wheat plants unexposed to pests (1.480% DM) ( Table 1) .
Incorporation of straw with soil significantly decreased (by 0.096 pp DM) the total content of phenolic compounds in wheat undamaged by insects, as compared with the plants growing in the soil without straw ( Table 1) . Introduction of straw into soil did not change significantly the contents of phenols secreted in the plants damaged by the insects tested ( Table 2) .
The mean feeding scar length of wheat leaf injury by imagines of cereal leaf beetle was longer than 205 mm. No correlation was found between the factors analysed and the size of damage caused by this insect.
The number of actively feeding insects of bird cherry-oat aphid was different, corresponding to the mode of EM inoculation ( Table 3 ). The lowest number of insects during active feeding was determined on the plants in the study plots where inoculation was applied once (1 × EM). The effect of the mode of EM inoculation on the number of actively feeding insects of aphid was found to depend on the mode of biostimulant application. A single application of EM inoculation into the soil statistically significantly decreased the number of actively feeding insects with respect to that on the plants from the plots in which the biostimulant was applied twice during the wheat vegetation.
The correlations between the size of damage caused by aphids or cereal leaf beetle and the amount of phenols contained in the dry weight of wheat plants affected by the application of the inoculation of effective microorganisms (EM) as well as biostimulant were, in general, positive but weak and statistically insignificant ( Table 4 ). The lack of straw or its incorporation within the soil did not change the strength of the correlation when considering aphid foraging. The lack of straw in the soil, however, intensified the correlation between the content of phenols in the dry weight of plants and the intensity of cereal leaf beetle feeding (r = 0.471), as compared with that in the plants from the study plots in which crushed straw was incorporated with the soil (r = 0.170).
DISCUSSION
Cereal leaf beetle (O. melanopa) and bird cherry-oat aphid (R. padi) represent the most burdensome pests of cereal crops in Poland as well as in the world. They cause characteristic injuries on leaves [4] or induce less or more visible chloritic changes in the host plant leaf surface [20] . A number of methods have been proposed for their control. To minimise the effect of insecticides harmful for the natural environment, Table 4 Correlations studied between the total content of phenolic compounds expressed in the amount of pyrogallol in wheat plants: undamaged (UPlant), damaged by O. melanopa (OmPlant), damaged by R. padi (RpPlant), the feeding scar length left by cereal leaf beetle (OmDamage) and the number of pricks made by actively feeding insects of bird cherry-oat aphid (RpDamage) The wheat plants were treated with EM and biostimulant in various straw management conditions. Matrix of linear correlation coefficients r-Pearson (p = 0.05).
other methods for limiting the abundance of these insects have been searched for. With regard to this, it is important to get acquaintance with the chemical interactions between the plants and pests, which includes the secretion of secondary metabolites as well as the adaptation of herbivores to them [26] . The total content of polyphenols was established by applying the Folin-Ciocalteu method which, according to Leszczyński [12] , permits determination of the content of all the phenolic compounds occurring in the extract.
Results of this study demonstrated that the wheat plants, which were not exposed to the effect of pests, produced higher amounts of phenolic compounds than the plants damaged by cereal leaf beetle or aphids, which is in agreement with the results reported by Wójcicka et al. [27] and Wójcicka [25] on triticale plants. Similarly, foraging by S. avenae decreased the level of phenols in cereals: maize and barley [6] , which could be due to the time and the order of triggering of the defence reactions. Maffei et al. [14] claim that the metabolic changes appear after a few hours to a few days from the start of feeding. However, in this study the plants must have had too little time to produce a greater amount of phenolic compounds.
The wheat analysed in the present work contain 1.210 (plants undamaged by insects), 0.760 (plants damaged by cereal leaf beetle) and 0.827 (plants damaged by bird cherry-oat aphids) % DM of phenolic compounds depending on whether it was exposed to the damage of insects or not. Both plants representing the family of grasses and others contain considerable amounts of phenolic compounds. Atanassova et al. [1] have assayed the content of polyphenols (with the Folin-Ciocalteu method) in a few known medicinal plants. They A method, similar to that applied in the present study, for assaying of the total content of phenolic compounds was used in the study on the grasses: Australian bluestem (Bothriochloa bladhii), Chinese silver grass (Miscanthus sinensis) as well as common reed (Phragmites australis). The results show that the highest amount of polyphenolic compounds was found in the aboveground parts of B. bladhii (1.41%), and a lower value was recorded for M. sinensis (1.17%). The lowest values were noted for the extract from common reed (P. australis) -0.81% as converted into pyrogallol [2] .
A pair of imagines of cereal leaf beetle consumed an average of more than 205 mm of leaf tissue in 3 days of feeding. Clement et al. [4] have analysed the feeding scar length left on wild grass Phleum alpinum as a result of feeding of three males and 3 females of O. menalopa for 24 hours of the experiment. The authors have reported that on the grasses infested by a fungus representing the genus Neothypodium 97.3 ± 40.5 mm (E+) scar length, meanwhile on those free from this fungus 74.5 ± 19.7 mm (E-) of the trace length could be recorded.
In the present study no correlation was found between the intensity of insects foraging under 'no choice' conditions and the amount of phenolic compounds produced by the wheat plants. In contrast, Eleftherianos et al. [6] have reported an opposite correlation between the total concentration of phenols in maize and barley and the fecundity of aphids (cereal leaf beetle and bird cherry-oat aphids) at various cereal development stages.
The application of the pro-ecological preparations during plant growth did not result in any significant differences in the insect foraging (under 'no choice' conditions) as compared with the control. The insects had no possibility to choose the food and the changes in the amount of phenols produced as well as the application of the preparations did not form any barrier for them, which would effectively limit the foraging. In field experiments when insects during their flight in search for food have a possibility to choose -evaluate or/and change the food -the results are different. The experiments performed in field conditions aimed at evaluation of changes in the number of harmful insects in the cereals treated with biopreparations have shown that the adult individuals of cereal leaf beetle and aphids tend to avoid the plants treated with different agents, like EM, UG max , Asahi, Kelpak [10, 11] .
In integrated pest control, the application of biopreparations, which have not been sufficiently investigated yet, may be very important. The present study does not provide information on the potential of their application in practice. However, under plot conditions significant differences have been observed in the abundance of pests on the cereal crops treated with those preparations, as compared with the control ones.
